Abstract: In the paper, we provide some examples of Blackadar and Kirchberg's MF algebras by considering minimal and maximal tensor products of MF algebras and crossed products of MF algebras by finite groups or an integer group. We also present some examples of C * -algebras, whose BDF extension semigroups are not groups. These examples include, for example,
Introduction
The notion of MF algebra was introduced by Blackadar and Kirchberg in [3] . A separable C * -algebra is an MF algebra if and only if it can be embedded into k M n k (C)/ k M n k (C) for a sequence of positive integers n k , k = 1, 2, . . .. It follows from the definition that a separable quasidiagonal C * -algebra is an MF algebra. The class of MF algebras is closely connected to Brown, Douglas and Fillmore's extension theory (see [7] ). In [14] , Haagerup and Thorbjørnsen solved a long standing open problem by showing that Ext(C * r (F n )) is not a group for n ≥ 2, where C * r (F n ) is the reduced C * -algebra of the free group F n and Ext(C * r (F n )) is the BDF's extension semigroup. Their result follows from a combination of Voiculescu's argument in [25] and their remarkable work on proving that C * r (F n ) is an MF algebra. Basing on Haagerup and Thorbjørnsen's approach to BDF's extension semigroup, one would be interested in finding other natural examples (besides the ones in [1] , [14] and [27] ) of C * -algebras whose BDF extension semigroups are not groups. This is one of the motivations of our investigation on MF algebras. In [18] , we considered the full free products of MF algebras and showed that Ext(C * r (F n ) * C A) is not a group when A is an MF algebra and n ≥ 2 is a positive integer. In this paper, we consider tensor products of MF algebras and crossed products of MF algebras by finite groups or an integer group. In fact, we are able to show that, for example, both Ext(C * r (F n ) ⊗ max C * (F n )) and Ext(C * r (F n ) ⊗ min C * (F n )) are not groups (see Corollary 3.2, Corollary 3.3, Corollary 4.1 and Example 3.1).
Blackadar and Kirchberg's MF algebra is also closely connected to Voiculescu's topological free entropy dimension. In [26] , for a family of self-adjoint elements x 1 , . . . , x n in a unital C * -algebra A, Voiculescu introduced the notion of topological free entropy dimension of x 1 , . . . , x n .
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Corollary 4.5: Let C * r (F 2 ) be the reduced C * -algebra of the free group F 2 . Let u 1 , u 2 be canonical unitary generators of C * r (F 2 ) and 0 < θ < 1 be a positive number. Let α be a homomorphism from Z into Aut(C * r (F 2 )) induced by the following mapping: ∀ n ∈ Z, α(n)(u 1 ) = e 2nπθ·i u 1 and α(n)(u 2 ) = e 2nπθ·i u 2 .
Then C * r (F 2 ) ⋊ α Z is an MF algebra and Ext(C * r (F 2 ) ⋊ α Z) is not a group. We hope our investigation on MF algebra will be helpful in the study of Blackadar and Kirchberg's MF algebras, BDF's extension semigroup and Voiculescu's topological free entropy theory.
The organization of the paper is as follows. In section 2, we introduce some notation and preliminaries. In section 3, we study tensor products of MF algebras. In section 4, we consider crossed product of an MF algebra by an action of a finite group or an integer group.
Notation and Preliminaries
Suppose H is a separable complex Hilbert space and B(H) is the set of all bounded linear operators on H. Suppose {x, x k } ∞ k=1 is a family of elements in B(H). We say x k → x in * -SOT ( * -strong operator topology) if and only if x k → x in SOT and x * k → x * in SOT. For a sequence of C * algebras A k ⊆ B(H k ), k = 1, 2, . . . , we introduce the direct product of A k as follows.
where the norm of any element x k ∞ k=1 in k A k is defined by
It is easy to see that k A k is a closed two-sided idea of the C * -algebra k A k . Thus k A k / k A k is also a C * -algebra. Denote by π the canonical quotient mapping from k A k onto k A k / k A k , and denote π(
Suppose A is a C * -algebra on a Hilbert space H. Let H ∞ = ⊕ N H, and for every x ∈ A, let x ∞ be the element x, x, x, . . . = ⊕ N x in k A (k) ⊆ B(H ∞ ), where A (k) is the k-th copy of A. Let A ∞ = {x ∞ ∈ k A (k) | x ∈ A} be a C * -subalgebra of k A (k) . For each positive integer n, denote the n × n matrix algebra over the complex numbers by M n (C) and the group of unitary matrices in M n (C) by U n (C).
Recall the definition of residually finite dimensional C * -algebras as follows. Let C X 1 , . . . , X n be the set of all noncommutative polynomials in the indeterminates X 1 , . . ., X n , X * 1 , . . . , X * n . The following lemma is well known. Lemma 2.1. Suppose A ⊆ B(H) is a unital separable quasidiagonal C * -algebra and x 1 , . . . , x n are elements in A. For any ǫ > 0, a finite subset {P 1 , . . . , P r } of C X 1 , . . . , X n , and a finite subset {ξ 1 . . . , ξ s } of H, there is a finite rank projection p in B(H) such that:
The following well known result of Voiculescu plays a crucial role in the study of quasidiagonal C * -algebras. 
. The following implication is obvious from the definitions: If a C
* -algebra A is residually finite dimensional then it is a quasidiagonal C * -algebra. If A is a quasidiagonal C * -algebra, then it is an MF algebra.
The following lemma gives equivalent definitions of an MF algebra.
Lemma 2.3. Suppose that A is a unital C * -algebra generated by a family of elements x 1 , . . . , x n in A. Then the following are equivalent:
(1) A is an MF algebra; (2) For any ǫ > 0 and any finite family {P 1 , . . . , P r } in C X 1 , . . . , X n , there are a positive integers k and family of matrices 
. ., and unitary operators
Proof. (1) ⇔ (2) ⇔ (3) was proved in [18] . (3) ⇒ (4) is immediate. We only need to show (4) ⇒ (2). For any ǫ > 0 and {P 1 , . . . , P r } in C X 1 , . . . , X n , by condition (b), there is some m ≥ 1 such that
and a
Thus from Lemma 2.1 it follows that there is a finite rank projection p such that
Hence max
Then we have the desired result.
The following result can be found in [8] (See also [24] , [14] ) which connects MF algebras to BDF's extension semigroups.
Lemma 2.4. If A is a unital separable MF algebra and Ext(A) is a group, then A is quasidiagonal.
Proof. For the purpose of completeness, we sketch its proof here. By Voiculescu's characterization of quasidiagonality, to show that A is quasidiagonal, it suffices to show that for any a 1 , . . . , a n in A and any ǫ > 0, there is a unital completely positive map ψ :
Note that A is an MF algebra. There is a unital embedding ρ :
be the set of all compact operators on H and π the quotient map from B(H) onto B(H)/K(H). Then
, and
Since Ext(A) is a group, by [2] , there is a unital completely positive map φ :
Then each ψ k is a unital completely positive map from A to M n k (C). When k is large enough, by (ii) and (iv), we know that ψ k satisfies (1) . By (i), (iv) and (v), ψ k satisfies (2). Hence A is quasidiagonal.
We also need the following result by Rosenberg [22] .
Tensor products of MF Algebras
Suppose that A and B are two C * -algebras. Denote the minimal tensor product of A and B by A ⊗ min B and the maximal tensor product of A and B by A ⊗ max B.
Suppose that F n is the free group on n many generators with n ∈ N. Let C * r (F n ) be the reduced C * -algebra associated with F n and C * (F n ) be the full C * -algebra of the group F n .
Maximal Tensor Product.
In this subsection, we consider the question whether the maximal tensor product of C * (F n ) and an MF algebra is again an MF algebra. Before we present our main result, we will introduce a few lemmas first.
Lemma 3.1. For any δ > 0, there is a polynomial P ∈ C X with P (0) = 0 such that,
Proof. It is an easy exercise. 
such that the following hold: 
Proof. It is trivial to verify that U 1 , . . . , U n are unitary elements in B((p + q)H).
Similarly,
For such δ > 0, by Lemma 3.1, there is a polynomial P ∈ C X such that
This implies
. For such polynomial P , by (3.1) and (3.2) , there is some positive number D δ > 0 (only depending on P , not on t) so that
and
from (3.3) and (3.4) we have
Let f δ (t) = 4t + 2tD δ + δ. By the construction of f δ , we know that f δ only depends on δ, not on u i , v j , p, q and t. Thus we have desired result.
Lemma 3.3. Suppose that A is a unital MF algebra generated by a family of unitary elements x 1 , . . . , x n , and B is a unital C * algebra generated by y 1 , . . . , y m . For any ǫ > 0, any
with a family of unitary generators {z 1 , . . . , z n } so that the following hold:
(1) For any 1 ≤ j ≤ r,
Proof. Note that A is an MF algebra and x 1 , . . . , x n are unitary elements in A. Thus there are a sequence of positive integers {t l } ∞ l=1 and families of unitary matrices {B
For any positive integers N 1 and 1 ≤ i ≤ n, we define
It is not hard to see that, for any Q ∈ C X 1 , . . . , X n ,
Therefore, for the chosen set {Q 1 , . . . Q t }, by (3.7) there exists some N 1 such that
Let z i = D(N 1 ; i) for 1 ≤ i ≤ n and A 1 be the unital C * -algebra generated by z 1 , . . . , z n . Hence, by (3.8)
It is trivial to see that z 1 , . . . , z n are unitary elements in A 1 . Moreover by inequality (3.6), there is a * -homomorphism
By the property of the maximal tensor product, it induces a * -homomorphism
In follows that, for any 1 ≤ j ≤ r,
Combining with (3.9) and (3.10), we have completed the proof of the Lemma.
is the full C * -algebra of the free group F n and u 1 , . . . , u n are canonical generators of
and (3), ∀ 1 ≤ i ≤ r,
Proof. Since ρ is a faithful representation of C * (F n ) ⊗ max B, without loss of generality we can further assume that ρ is an essentially faithful representation. Then ρ(1 ⊗ B) ⊆ B(H) is quasidiagonal. It follows that there is a sequence of finite rank projections
Then t k tends to 0. Let q k be a projection in B(H) so that p k , q k are mutually orthogonal, equivalent projections, and let w k be the partial isometry so that w *
(3.14)
We observe that U
j , as k goes to infinity, converge in strong operator topology to
It follows that, for any 1 ≤ i ≤ r,
On the other hand,
By (3.14), (3.15) , and (3.16), we know when k is large enough, there are a positive integer
and (iii), ∀ 1 ≤ i ≤ r,
Recall that C * (F n ) is the full C * -algebra of the free group F n and u 1 , . . . , u n is a family of canonical generators of C * (F n ). We assume that B is an MF algebra with a family of unitary generators v 1 , . . . , v m . From now on till the end of this subsection, we will assume that 
is a family of k × k matrices satisfying,
Proof. We will prove the lemma by using contradiction. Suppose the result of the lemma does not hold. There are some positive integer r 0 > 0, a sequence of positive integers {k r } ∞ r=1 , and sequences of matrices
(ii) and
Consider the C * -algebra r M kr (C)/ r M kr (C). Let
we know there is * -homomorphism
. . , x n , y 1 , . . . , y m ) is the unital C * -algebra generated by x 1 , . . . , x n , y 1 , . . . , y m in
This contradicts with the inequality (3.17). The proof of the lemma is completed.
Now we are able to show our main result in this section.
Theorem 3.1. Suppose n is a positive integer and B is a finitely generated unital MF algebra.
Proof. Suppose that u 1 , . . . , u n are canonical unitary generators of C * (F n ) and
. . , Y m . By Lemma 3.3, there is a quasidiagonal C * -algebra B 1 with a family of unitary generators {z 1 , . . . , z n } so that the following hold:
(i) For any 1 ≤ i ≤ r 0 ,
(ii) For any 1 ≤ j ≤ t,
Let ρ be a faithful * -representation ρ : C * (F n ) ⊗ max B 1 → B(H) on a separable Hilbert space H. By lemma 3.4, there are a positive integer k and k × k matrices
By (ii) and (iv) we know that ∀ 1 ≤ j ≤ t,
By (i) and (v), we know that ∀ 1 ≤ i ≤ r 0 ,
By Lemma 3.5 and inequalities (3.18), (3.19)we know that, when ǫ is small enough and t is large enough, for 1 ≤ i ≤ r 0
Combining with (3.20), we obtain
By (3.18) and (3.22), we know that, for any r 0 ∈ N, there are k and matrices
and ∀ 1 ≤ i ≤ r 0 ,
By Lemma 2.3, C * (F n ) ⊗ max B is an MF algebra. 
for some positive integers {n k } Proof. Since B is an MF algebra, there is an embedding
for a family of positive integers {n k } ∞ k=1 . This embedding ρ induces another embedding
Note A is an exact C * -algebra. We have
Since A is an MF algebra, by Corollary 3.4.3 in [3] , any separable C * -subalgebra of
is an MF algebra. Therefore, A ⊗ min B is also an MF algebra.
Note Haagerup and Thorbjørnsen proved that C * r (F n ) is an MF algebra. By Lemma 2.4 and 2.5 and preceding proposition, we have the following result. Proof. We need only to show that if A 1 , and B 1 respectively, is a finite generated C * -subalgebra of A, and B respectively, then A 1 ⊗ min B 1 is MF algebra. Suppose that x 1 , . . . , x n , and y 1 , . . . , y m respectively, is a family of generators of A 1 , and B 1 respectively. By Lemma 2.3, to show A 1 ⊗ min B 1 is MF algebra, it suffice to show the following: for any ǫ > 0 and any finite subset {P 1 , . . . , P r } of noncommutative * -polynomials C X 1 , . . . , X n , Y 1 , . . . , Y m , there are a positive integer k and matrices
Let ρ be a faithful * -representation of B on a separable Hilbert space H 1 . Let π be an essentially faithful * -representation of A on a separable Hilbert space H 2 . By Lemma 2.2, we know that π(A) ⊆ B(H 2 ) is quasidiagonal. Then there is a sequence of finite rank projections q s , s = 1, 2, . . . , in B(H 2 ) such that (i) q s → I in SOT and (ii) q s π(x) − π(x)q s → 0 for any x ∈ A. Let H = H 2 ⊗ H 1 be a Hilbert space. By (i), we know that
By (ii), we know that, for 1 ≤ j ≤ r,
Therefore, by (3.23) and (3.24), there is a positive integer t such that
Moreover, we know
Because B is an MF algebra, B(q t H 2 ) ⊗ ρ(B) is an MF algebra. Thus there are a positive integer k and
Combining with (3.25), we get max
This completes the proof of the proposition. [18] , C * r (F n ) * C B is an MF algbebra, where C * r (F n ) * C B is the unital full free product of C * r (F n ) and B. Then by Proposition 3.1,
is not a group because of Lemma 2.4.
Crossed Products
In this section, we assume that A is an MF algebra and G is a discrete countable amenable group such that there is a homomorphism α : G → Aut(A). We will consider the question when the reduced, or full, crossed product of A by G is an MF algebra. This is not always the case if we are not going to add extra conditions on the actions of G on A. Note Cuntz algebra is stably isometric to the crossed product of an AF algebra by Z. Obviously Cuntz algebra is not an MF algebra but AF algebra is.
Because G is an amenable group, the reduced crossed product of A by G coincides with the full crossed product of A by G, which we will denote by A ⋊ α G.
Finite group action.
When G is a finite group, we have the following result.
Theorem 4.1. Suppose A is an MF algebra and G is a finite group such that there is a homomorphism
Proof. Since G is a finite group, by Green's result in [13] , we know that
where C(G) is the C * -algebra consisting all (continuous) functions on G, γ is the action induced by left translation by G on C(G), and K is the set of compact operators on l 2 (G). By the fact the A is an MF algebra and results in [3] or Proposition 3.1, A ⊗ K is an MF algebra. Hence A ⋊ α G is an MF algebra. Proof. Since a finite group is a subgroup of a finite permutation group, we need only to prove the result when G is a finite permutation group S n . If α : S n → Aut(F n ) is a mapping defined by
where g 1 , . . . , g n are canonical generators of the free group F n , then α induces an action S n on
. Since Haagerup and Thorbjørnsen proved that C * r (F n ) is an MF algebra, it follows immediately from last proposition that C * r (F n ) ⋊ α S n is an MF algebra. Let g = (g 1 g 2 · · · g n ) 3 be an element in F n . We observe that g and S n are free in F n ⋊ α S n . To see this, let σ 1 , . . . , σ m ∈ S n and n 1 , . . . , n m ∈ N. Then
Apparently, to check that g and S n are free in F n ⋊ α S n , we need only to show that
. It is not hard to show, using mathematical induction on m, that the reduced form of the word g n 1 (α(β 1 )(g)) n 2 · · · (α(β m−1 )(g)) nm in F n always ends in the letters of
, and it can never be equal to e. Therefore g and S n are free in F n ⋊ α S n .. Hence Z * S n can be viewed as a subgroup of F n ⋊ α S n and C * r (Z * S n ) is a C * -subalgebra of C * r (F n ⋊ α S n ). It follows C * r (Z * S n ) is also an MF algebra. Moreover since Z * S n is not an amenable group for n ≥ 2, C * r (Z * S n ) is not a quasidiagonal C * -algebra for n ≥ 2 by Lemma 2.5, whence Ext(C * r (Z * S n )) is not a group by Lemma 2.4. So, for any finite group G with |G| ≥ 2, C * r (Z * G) is an MF algebra and Ext(C * r (Z * G)) is not a group.
Remark 4.1. Assume n ≥ 1, m ≥ 0 are nonnegative integers and r = n + m. Let F r be the free group on r many generators, g 1 , . . . , g n , g n+1 , · · · , g r . Let S n be the permutation groups on the integers {1, . . . , n}.
Let α be a homomorphism from S n into Aut(F r ) defined the following mapping:
Let F m be the free subgroup generated by g n+1 , · · · , g r in F r ⋊ α S n . Then S n and F m , as subgroups of
3 , for 1 ≤ i ≤ n, be elements in F r ⋊ α S n and F n be the free subgroup generated by h 1 , . . . , h n in F r ⋊ α S n . Then, similar to Corollary 4.1, we observe F n and F m ∪ S n are free in F r ⋊ α S n . Now we have the following observation: 
By Theorem 4.1 and the same arguments as in Corollary 4.1, we have the following result.
where |H| denotes the order of the group H, then Ext(C * r (H)) is not a group.
Proof. By the explanation in the Remark 4.2, we know that C * r (H) is an MF algebra. if there are 1 ≤ i = j ≤ n such that |H i | ≥ 2 and |H j | ≥ 3, then H is not an amenable group. It follows that C * r (H) is not a quasidiagonal C * -algebra, whence Ext(C * r (H)) is not a group.
is not a group.
Subgroup of finite index.
We have the following result.
Proposition 4.1. Assume that G is a discrete countable group and H is a subgroup of G with a finite index. If C * r (H) is an MF algebra, then C * r (G) is also an MF algebra. Proof. Let l 2 (G) be the Hilbert space with an orthonormal basis {e g } g∈G .
Recall the left regular representation of the group G is the unitary representation λ : G → U(l 2 (G)) given by λ(g)(e h ) = e gh , g ∈ G. Then C * r (G) is the C * -algebra generated by {λ(g)} g∈G in B(l 2 (G)) and the C * -subalgebra B generated by
Note that EBE ≃ C * r (H) and {λ(g i )Eλ(g −1 j )} 1≤i,j≤n consists a system of matrix units of M n (C). Let A be the C * -algebra generated by elements {λ(g i )EBEλ(g
On the other hand, for any g ∈ G, there is a permutation σ g on the integers {1, 2, . . . , n} such that
Thus there is some h i ∈ H such that
It follows that C * r (G) ⊆ A. Apparently, A is an MF algebra, because C * r (H) is an MF algebra. Hence, being a subalgebra of an MF algebra, C * r (G) is also an MF algebra. Corollary 4.4. Let SL 2 (Z) to be the spacial linear group of 2 × 2 matrices with integer entries. Then C * r (SL 2 (Z)) is an MF algebra and Ext(C * r (SL 2 (Z))) is not a group. Proof. Note SL 2 (Z) has a subgroup, which is isomorphic to F 2 , with an index 12. The result of the corollary follows immediately from the preceding proposition and Haagerup and Thorbjørnsen's result that C * r (F 2 ) is an MF algebra. 4.3. Integer group action. In [21] , Pimsner and Voiculescu proved the following result: Suppose A is a unital sepaprable C * -algebra and α : Z → Aut(A) is a homomorphism, such that there exists a sequence of integers 0 ≤ n 1 < n 2 < · · · , so that
for all a ∈ A. Assume that A is quasidiagonal. Then A ⋊ α Z is also quasidiagonal. In this subsection, we will prove an analogue of Pimsner and Voiculescu's result in the context of MF algebras.
Let l 2 (Z) be the Hilbert space with an orthonormal basis {e n } n∈Z . Recall the left regular representation of the group Z is the unitary representation λ : Z → U(l 2 (Z)) given by λ(n)(e n 1 ) = e n+n 1 , n 1 ∈ Z. Then C * r (Z) is the C * -algebra generated by {λ(n)} n∈Z in B(l 2 (Z)). Let u = λ(1) be the canonical generator of C * r (Z), a bilateral shift operator. Suppose that A is a unital MF algebra generated by a family of self-adjoint elements
Suppose α is a homomorphism from Z to Aut(A) such that there exists a sequence of integers 0 ≤ n 1 < n 2 < · · · , satisfying
Without loss of generality, we assume that
Assume A acts on a Hilbert space H.
Then the C * -algebra generated by {σ(a)
Following the notation from [21] , we let for j = 1, 2, . . .
be a unit vector in l 2 (Z), and q k,j be the rank one projection from l 2 (Z) onto f k,j . Let
Then by [21] q j → I l 2 (Z) in SOT and lim
Let y i = α(−1)x i ∈ A, for 1 ≤ i ≤ m. We have the following result.
Lemma 4.1. Let s, t, r, N 1 , . . . , N r be positive integers. For any ǫ > 0,
Proof. Without loss of generality, we assume that each
By (4.2), we have
For the purpose of simplicity, we will assume that r = 1. The general case when r ≥ 1 follows from the similar argument. Thus we let
For any ǫ > 0, there are a positive integer L ∈ N and a unit vector
in H ⊗ l 2 (Z), where each vector ξ l is in H, such that
For such ǫ and η, by (4.3) and (4.4), there is a positive integer j > 8/ǫ and a finite rank projection
(4.10)
(4.11) 12) where M, N 1 , L are introduced as above.
Since A is an MF algebra with a family of elements {x i , y i , x k,i , y k,i } 1≤i≤m,|k|≤n j +1 in A, for such ǫ, j, by Lemma 2.3 there exists a family of quasidiagonal operators
satisfying, by (4:b) of Lemma 2.3, 4.16) and by (4:c) of Lemma 2.3,
For such ǫ, j, we letÃ
By the choice of η in (4.7) and the fact u = λ(1), we know that
k=0 is a family of mutually orthogonal projections. By inequality (4.16), we know P
(1)
By inequality (4.11) and (4.19), we know that
And, by (4.10) and (4.19),
Moreover, by the definitions ofÃ 1 , . . . ,Ã m , we have
By inequalities (4.20), (4.21), (4.18), (4.22), (4.17) and (4.9) we know,
is a family of quasidiagonal operators. There is a finite rank projection p on H such that, by Lemma 2.1 part (ii),
and, by Lemma 2.1 part (i),
where
. By (4.8), (4.23) and (4.25), we have
k=0 is a family of mutually orthogonal projections, we have By (4.12), we know that for 1 ≤ i ≤ s
Let E n be the rank one projection from l 2 (Z) onto the vector e n . For any unit vector h ∈ H
By (4.15), we have that
Together with the fact that {q k,j } n j −1 k=0 is a family of mutually orthogonal projections, we have
On the other hand, we observe that
and by (4.9), for 1 ≤ i ≤ m,
By (4.11), (4.14) and (4.33), we have that
And
By (4.30), (4.31), (4.34), we have This contradicts with the assumption (d). Thus the proof of the lemma is completed.
Combining Lemma 4.1 and Lemma 4.2, we have the following conclusion.
Theorem 4.2. Suppose that A is a finitely generated unital MF algebra and α is a homomorphism from Z into Aut(A) such that there is a sequence of integers 0 ≤ n 1 < n 2 < · · · satisfying lim j→∞ α(n j )a − a = 0 for any a ∈ A. Then A ⋊ α Z is an MF algebra.
Proof. Assume that A is generated by a family of self-adjoint elements x 1 , . . . , x m and u is the canonical generator of C r (Z). Without loss of generality, we assume that The following corollary follows directly from the preceding theorem.
Corollary 4.5. Let C * r (F 2 ) be the reduced C * -algebra of the free group F 2 . Let u 1 , u 2 be the canonical unitary generators of C * r (F 2 ) and 0 < θ < 1 be a positive number. Let α be a homomorphism from Z into Aut(C * r (F 2 )) induced by the following mapping: ∀ n ∈ Z, α(n)(u 1 ) = e 2nπθ·i u 1 and α(n)(u 2 ) = e 2nπθ·i u 2 .
Then C * r (F 2 ) ⋊ α Z is an MF algebra and Ext(C * r (F 2 ) ⋊ α Z) is not a group.
